During a period of nine years, from 01. 01. 1996 to 31. 12. 2004, 45 544 live-born children were analyzed.
Introduction
Brachial plexus injuries are very common in the structure of neonatal morbidity. The injured muscles are inerved by nerves whose roots are at cervical and thoracic segments of spinal column. 1 One of the earliest studies in this sphere is one made by Fieux in 1897. He made disection on dead newborns and he found that in Hudi} I. et al. Etiological risk factors for brachial plexus palsy shoulder dystocia 5 th and 6 th cervical roots were strecthed like violin strains, and the other cervical roots were unaffected (cit.
2 ). The incidence of brachial plexus injuries vary from 1 to 5 on 1000 deliveries and depends on level of health care. In Sweden incidence of bracial plexus palsy as a birth injuries is 1,3 on 1000 deliveries, 3 in England it is less than 1 on 1000 deliveries, and in developing countries it is 5 on 1000 deliveries. 4 The risk factors for brachial plexus injuries during delivery may be divided in three categories: neonatal factors, maternal factors or some other characteristics of second stage of labor. 5 The abnormal position of fetal arm (abduction and external rotation of shoulder when the arm remaining behind the head) causes the streching roots of brachial plexus and thus leads to injure nerve roots. 6, 7 The other mechanisms of brachial plexus injuries are traction of head and neck of infants in vertex presentation of infants, extreme traction of shoulder and hyperextension of arms in breech presentation. 8, 9 Recognized obstetric risk factors for brachial plexus injury include shoulder dystocia, fetal macrosomia and maternal diabetes mellitus. Other risk factors for brachial plexus palsy include maternal obesity or excessive weight gain, midpelvic operative delivery, prolonged second stage of labor, and postdate gestation. 10 Recent reports have shown that some cases of brachial plexus injury have an intrauterine origin. Several lines of evidence support the concept that not all of these nerve injuries are due to traction. Erb's and Klumpke's palsies may occur in the absence of recognized risk factors, in the absence of shoulder dystocia, in posterior arm of infant whose anterior shoulder was impacted behind pubic symphysis, and in vertex-presenting fetuses delivered by traumatic Caesarean section; there is no apparent relationship to the type or number of maneuvers used to disimpact the fetal shoulder, the association with other peripheral nerve injuries and the electromyographic evidence of muscular denervation during the immediate postpartum period. 
Material and methods
In retrospective study (datas from 01. 01. 1999. to 31. 12. 2004.) we analysed newborns with diagnosis of brachial plexus palsy.
We used data from protocols, histories of disease and newborns cards from Clinic for Gynecology and Obstetrics, and also datas from protocols of Clinic for Neurology and Clinic for Physical Medicine and Rehabilitation, University Clinical Center Tuzla, from 01. 01. 1996.-31. 12. 2004. There was a small group of newborns who had brachial plexus palsy diagnosed after leaving Clinic and they were also included in our investigated group.
The diagnosis of all brachial plexus palsy was made by neurological examination of newborn by pediatrician, by physiatrist or neurologist. The bone fractures of newborns were diagnosed by radiological exam.
The investigated group were of 86 newborns who had diagnosis of brachial plexus palsy as a delivery injury. We analysed maternal factors for brachial plexus palsy of newborns using their histories of disease. The control group was made of 39 primiparas and 47 multiparas, as well as in investigated group. All patients in the control group had vaginal delivery without brachial plexus palsy, they were choosen by method of randomisation, out of 1000 patients. Duration of labor was calculated from the moment of begining of the regular contractions till the moment of delivery of newborn; the duration of the second stage of labor was calculated from the moment of total dilatation of the cervix till the moment of delivery of the newborn. Prolonged labor was considered to be a labor with duration of 18 hours and more in primiparas or 12 hours and more in multiparas.
Labor with normal duration was considered to be in primiparas with duration of 2 to 18 hours, and in multiparas 2 to 12 hours. Precipitous labor was the one which lasts less than 2 hours in primiparas and multiparas.
Incidence of brachial plexus palsy of newborns is a number of new cases of brachial plexus palsy on 1000 newborns during one year period. We used c 2 test, Fischer exact test and Student t test. 
Results

Epidemiological characteristics
Maternal factors
Mother's age as a risk factor for brachial plexus palsy is shown on the table 2. None of 86 mothers from investigated group was younger than 18, 15 mothers (17,4%) were older than 35; 82.5% (71) of newborns with bra- BPP -Brachial plexus palsy -Paraliza pleksus brahijalisa chial plexus palsy were newborns whose mothers were from 18-35 years old. In the control group two patients (2.33%) were younger than 18, 77 (89.5%) were 18 to 35 years, and 7 mothers (8.17%) were older than 35 years. However the statistically significant difference is among mothers older than 35 years (p<0.05).
Out of total sum of mothers with brachial plexus palsy 58 (67.4%) had BMI ³29 and 28 (32.6%) of mothers BMI <29 (Table 2) . Out of total sum of mothers in control group (without injury) 52 mothers (60.5%) had BMI <29 and 34 (39.5%) ³29 (p<0,01) ( Table 2 ).
In investigated group there were 39 (45.3%) nuliparous and 47 (54.7%) multiparous women. We haven't found statistically significant difference between control and investigated group.
All mothers in investigated group had conjugata externa diametar >18 cm. In the control group one mother (1.2%) had diametar conjugata externa <18 cm (Figure 1 ).
There is no significant difference between these two groups.
Delivery factors
The analysis of duration of labor has shown that 77 (89.5%) labors were of normal duration, 6 labors were precipitous, and 3 (3.5%) labors were prolonged. In the control group 75 (87,2%) deliveries were labors with normal duration, 10 labors (11.6%) were precipitous, and only 1 (1.2%) prolonged (Figure 2. ). We haven't found statistically significant difference between investigated and control group (p=0.059). Figure 3 presents the duration of second stage of labor among mothers in investigated and control group. In investigated group we have found 51 (59.3%) mothers with precipitous second stage of labor, 31 (36%) mothers with normal duration, and 4 of them (4.7%) with prolonged second stage of labor. In control group 60 (69.8%) mothers had normal duration of second stage of labor, 23 (26.7%) had precipitous and 3 (3.5%) had prolonged second stage of delivery. These differences are statistically significant (p<0.01).
Out of 86 newborns with brachial plexus palsy, 85 (98.8%) were delivered vaginally and one (1.2%) was delivered by Caesarean section. In control group all newborns were delivered vaginally (Figure 4) .
Out of total number of 86 cases the 12 deliveries were accomplished by an application of vacuum extractor. Out of seven labors with breach delivery, six of them (7%) were delivered by Bracht, and just one (1.2%) by Veit-Smellie maneuver. Episiotomy was made in 41 (47.7%) women. Forty five (52%) labors did not have any delivery intervention. In control group we had just one newborn (1.2%) that was delivered by vacuum extractor, 3 labors (3.5%) were delivered by Bracht method. Fifty labors (58.1%) had episiotomy, while 33 labors (38.4%) did not have any delivery interventions. However, we found statistically significant incidence of brachial plexus injuries during surgically vaginal delivery (Table 3) .
In investigated group 97.7% of labors started spontaneously and 2 of them (2.3%) were induced. In control group 83 (96.5%) of labors started spontaneously and 3.5 % were induced ( Figure 5 ).
Neonatal factors
In injured group were 47 (54.7%) male and 39 (45.3%) female newborns. In control group the 48 (55.8%) were male and 38 (44.2%) female newborns ( Table 2) . The difference is not statistically significant.
The birth weight of newborns with brachial plexus palsy varied from 2200-5550 grams, the mean value was 3858.1±587.7. In control group the birth weight was between 2500 to 4150 grams, the mean value was 3427.8±335.7. In study group 50 newborn (58.1%) have had birth weight less than 3999 grams, 27 (31.4%) birth weight 4000-4499 and 9 newborns (10.5%) have had birth weight more than 5000 grams. In control group 81 newborns (94.2%) have birth weight less than 3999 grams, 5 (3.8%) between 4000-4499 and there was none over 4499 grams ( Table 2 ). The statistically significant higher frequency of injuries in children heavier than 4000 grams is established (p<0.01).
In the study group 79 (91.9%) newborns were delivered in cephalic presentation. Seven (8.1%) were breech deliveries. In the control group 83 (96.3%) were delivered in cephalic position, and 3 (3.5%) were breech deliveries (Table 4) . The difference is statistically significant (p<0.01).
In the 1 st minute after birth 42 (48.8%) newborns with brachial plexus palsy had Apgar score £7, and 44 (51.2%) had Apgar score >7. In the control group 5 (5.8%) newborns had Apgar score £7 and 81 (94.2%) >7 (p<0.01) (Table 2 ). In the 5 th minute after birth 25 (29.1%) newborns had Apgar score £7 and 61 (70.9%) Apgar score >7. Apgar score in all newborns in the 5 th minute in the control group was >7 (p<0.05) ( Table 2) .
Clavicular fracture was associated with brachial plexus palsy in 39 (45.2%) newborns, 9 (10.5%) had intracranial haemorrhage, 4 (4.7%) newborns had hypoxicischemic encephalopathy and 30 (34.8%) newborns were without injuries (Table 5 ).
In the investigated group there were 96.5% of term deliveries, one (1.2%) infant was delivered in 28 th gestational week, 2 (2.3%) infants between 33-36 gestational weeks. There were no post-term deliveries. The mean gestational age of infants with brachial plexus palsy was 38±1.8 gw. In the control group there were 82 (95.3%) term deliveries, 1 (1.2%) infant was delivered in 28 th gestational week and 3 (3.5%) between 33-36 gestational weeks. There were no post term deliveries. The mean gestational age of deliveries in control group was 38.7±1.79 (Table 2) .
Out of all infants with brachial plexus injury 60 (69.8%) were delivered between 16-08 hours, 17 (19.8%) between 02-03 hours. In normal working time (between 08-16 hours) there were delivered 26 (30.2%) infants with brachial plexus palsy. In the control group there were 33 deliveries in normal working time (between 08 and 16 hours) and out of their number 13 (15.3%) were delivered between 14 and 15 hours and 53 (61.6%) between 16 and 08 hours ( Table 6 ). The difference between investigated and control group is not statistically significant (p>0.05).
Discussion
Brachial plexus injuries play an important role in numerous studies in various medical branches. This is an object of interest for neurologists, neurosurgeons, pediatricians and physiatrists. In the period from 01. 01. 1996. -31. 12. 2004. 86 infants with brachial plexus palsy were registered in Clinic for Gynecology and Obstetrics in Tuzla. The mean incidence of brachial plexus palsy is 1.89 per 1000 deliveries. In Sweden the incidence of brachial plexus palsy as a birth injury is 1.3 per 1000 deliveries. 3 In England this incidence is even lower and it is less than 1 per 1000 deliveries. In the developing countries this incidence is 5 per 1000 deliveries.
By analysing the total duration of labor we haven't found more precipitous or prolonged labors in investigated group infants with brachial plexus injuries. Results of this study show statistically significant difference in duration of second stage of labor in the study group. This can be confirmed by researches of other authors. There are also authors who haven't found significant difference in duration of second stage of labor between the investigated and control group. The most common mechanism of brachial plexus injury is unfinished rotation of shoulder, 11 but according to other authors prolonged second stage of labor causes brachial plexus injury as well. 10, 12 Out of 86 newborns with brachial plexus palsy, 98.8% were delivered by vaginal delivery and one newborn by Caesarean section. In the control group all infants were delivered vaginally. There are authors, in different studies, who have found injuries of brachial plexus in infants delivered by Caesarean section, especially if they are heavier than 4500 g. 13 Instrumental vaginal delivery is a great risk for intrapartal injuries, especially for brachial 14 Almost all authors in their studies confirm that obstetrical maneuvres increase risk for brachial plexus injuries with infants. 5, 12, 14, 15 Swedish authors investigated the influence of induction of the labor on brachial plexus palsy of newborns during 7 years period (100 000 labors were studied). According to them, induction of labor is not the risk factor for brachial plexus palsy, that is similar to our results. 16 Some other authors have found significantly higher incidence of brachial plexus palsy in induced labors in relation to spontaneous vaginal delivery. 17, 18 In literature 10, 19 there is a higher number of labors with brachial palsy that belong to women older than 35 years. In our material the mothers of infants with brachial plexus palsy had the mean age 26.6±6.14 years, statistically significantly more then the mothers in control group who had 24.6±5.7 years. There is a statistically significant higher incidence of brachial plexus injuries of newborns whose mothers were more than 35 years old as well.
The mean BMI value of mothers of newborns with brachial plexus palsy was 30.8±4.5 and in the control group 28±3.3. The difference is statistically significant. According to some authors obesity is not risk factor for brachial plexus injuries during delivery, 20, 21 but according to other authors BMI is significantly higher in mothers of newborns with brachial plexus palsy. 10, 22 Statistically significant difference between primiparas and multiparas has not been found, that is similar to other author's results. 23 However, the results of numerous researches are different. According to some researches primiparas have higher incidence of brachial plexus palsy, 10 but this has not been found in this research.
All mother's in the study group of infants with brachial plexus injuries had pelvic diametar externa >18 cm. This phenomenon could be explained by the fact that all mothers with narrow pelvis or with doubt of disproportion were delivered by Caesarean section. 24 Sex ratio in injured group was 1,21:1 for male infants, which is not statistically significant difference in comparison to the control group where sex ratio was 1,26:1. These results are similar to results of other authors who haven't found significant difference regarding the gender distribution, 5 but there are also a few authors who found that incidence of brachial plexus injuries is higher among female infants. 25 Birth weight in an injured group varied from 2200 to 5500 grams, the mean value was 3858.1±587.7 grams. Birth weight in the control group varied from 2500 to 4150, the mean value was 3427.8±335.7 grams. Out of 86 infants with brachial plexus palsy, 36 had birth weight higher than 4000 grams. The most of authors found that birth weight higher than 4000 grams is one of the most important risk factors for brachial plexus injuries that is by our research confirmed. 12, 26 Analyzing the impact of fetal position on the injury of brachial plexus, this study confirmed statistically significant frequency of the mentioned injury with the breech delivery newborns, which agrees with the results of many authors. They agree that newborns who are breech delivered belong to the risk group and there is a high probability for injury of brachial plexus. 8 In this study statistically significant lower Apgar score was found in infants with brachial plexus injuries, mean value in the 1 st minute was 6.6±2.5 versus 8.7±0.6 in control group. Other authors have also found lower values of Apgar score in injured group of infants. 2, 21 Fracture of clavicle is the most frequent associated injury in brachial plexus palsy. A great number of studies confirm these results. 23, 27 One newborn had fracture of humerus. Out of 15 infants with brain injuries, 9 infants had intracranial bleeding, one subarachnoidal bleeding, and one had brain oedema. In injured group of infants an average gestational age was 38.8±1.8, and in uninjured group 38.7±1.79 weeks gestation. According to intrauterine growth standards all newborns in both groups were on-term newborns and statistically significant difference between these groups has not been found. These results are confirmed by other authors. 20, 21 A large number of infants (l7-19.7%) with brachial plexus injuries were delivered between 2 and 3 hours a.m., but significant difference in relation to the control group is not found, probably because of small number of our sample. Some authors have found that lack of experience of medical staff, 28 as well as their small number, have significant influence on incidence of birth injuries. Some authors haven't found any correlation between level of obstetrical experience and incidence of brachial plexus injuries.
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Conclusion
The prevalence of brachial plexus palsy of the newborns delivered in Tuzla University Hospital is 1.86 per 1000 live-born children, the 86 cases among 45 544 live-born newborns were registered, in 82 of them (95.3%) during a stay in the hospital.
The highest risk factor for brachial plexus injury is the birth weight over 4000 grams, precipitous second stage of labor (<15 minutes) and vacuum extractor assisted delivery. Brachial plexus palsy was more frequent in newborns of obese mothers with body mass index ³29, of older mothers (>35 years) and in newborns with breech presentation delivered vaginally. The 45.2% of newborns had a concomitant clavicle fracture.
The 42 newborns (48.8%) had an Apgar score in the first minute £7 which indicates the intrapartal distress of the fetus and points to traumatic nature of these deliveries.
The highest rate of brachial plexus injuries happened between 02-03 hours (19.8%) and 14-15 hours (14.0%) at a time of lower obstetrician's vigilance and at the end of working time.
